Previous research has shown that a visual field consisting of as little as one peripherally located luminous line that is pitched from vertical in a dark field induces large changes in an observer's visually perceived eye level (VPEL). The effects of this severely reduced inducing stimulus are surprisingly close to the effects of a highly structured pitched visual field. In the present report we describe two experiments with inducing stimuli that were still further reduced to one or two linear arrays of points of light. The results show that the array's effect on VPEL increases as a negatively accelerated increasing function of the amount of stimulus (i.e., the length of the array, the number of points, and the interpoint separation). We propose a multiscale dipole model (MDM), which quantifies the effect of the array of points on VPEL in terms of dipoles of various lengths that activate orientation and size specific neurons in visual cortex. For example, when the number of points increases in an array of fixed length, dipoles of progressively shorter length are created within the overall length of the stimulus. The shorter dipoles stimulate additional orientation-selective neurons with smaller receptive fields whose neural activity adds to the activity generated by the larger dipoles up to a saturation limit. The functional relation between the psychophysical response and the number of dipoles can be modeled as a rectangular hyperbola, formally similar to equations that have been used to model saturation binding and enzyme velocity in biochemistry and contrast response functions in neurophysiology and psychophysics.
Introduction
The use of illusions as a vehicle for illustrating and studying perceptual phenomena has been a hallmark of Gestalt Psychology since the publication of Max Wertheimer's seminal study of the phi phenomenon (Wertheimer, 1912) . This tradition touched one of us (LM) during his undergraduate studies with Hermann Witkin, from whom he learned about the rod and frame illusion (e.g., Witkin & Asch, 1948) . The tradition's influence is also manifested in the present study of egocentric space perception, in which we describe two experiments that are part of a larger body of research about the illusion-inducing effect of a pitched visual stimulus in the retinal periphery on an observer's visually perceived eye level (VPEL) .
Previous work has shown that the ''amount of stimulus" in the pitched stimulus (such as the number of lines, or the length of a single line inducer) has a negatively accelerated increasing effect on the magnitude of the illusion. In the present report, we explore this issue in further depth by using linear arrays of points rather than lines as the inducing stimuli.
The pitchroom illusion and the VPEL measure -some basics
The pitch of a visual field systematically influences the elevation of a visual target that appears to be at eye level. When the field is pitched topbackward (top away from the observer, as in Fig. 1a) , a small round target that is actually lower than true eye level appears to be at eye level; when the field is pitched topforward (top towards the observer), a target that is actually higher than eye level appears to be at eye level. These inducing effects can be measured by using the subject's reports about a target's height relative to perceived eye level to obtain a null point for VPEL (Matin & Fox, 1986a , 1986b Poquin, Ohlmann, & Barraud, 1998; Post & Welch, 1996; Stoper & Cohen, 1989 ; see Matin & Li, 2010, chap. 6; Matin, Li, Hudson, Shavit, & Matin, in press , for recent reviews with further details). The effects are very large and vary systematically as a quasi-sinusoidal function of inducer pitch over a 360°p itch range (Li & Matin, 2007; O'Shea & Ross, 2007 a more restricted pitch range (approximately ±30°around 0°), VPEL is a near linear function of pitch. See Fig. 1e . A useful measure of the inducer's effect over the near linear range is the slope of the VPEL vs. pitch function, where a slope of 0.0 means no inducer influence and a slope of 1.0 means that VPEL equals the inducer's pitch. In a highly structured, illuminated visual field, like the ''pitchroom" in Fig. 1a , slopes vary between about 0.18 and 0.86 among observers. Although there are substantial individual differences, the settings of a given observer have been stable over periods at least as long as 25 years.
None of the slopes in our original measurements of the pitchroom illusion on eight observers were as large as 1.00 nor have such large slopes been reported elsewhere in the literature. Accordingly, we suggested that VPEL is a weighted average of the influence of the visual inducer and the influence of a bodyreferenced mechanism that consists of a combination of nonvisual factors such as extraretinal information about the position of the head relative to gravity, and extraretinal information about the eye in the orbit (Matin & Fox, 1989) . This weighted average model may be represented simply as
where V and B are the influences of the visual field and the bodyreferenced mechanism, respectively, and k V and k B are the relative weights of these influences, with k V + k B = 1.
The model is supported by experiments which show that the constraint on the range of slopes is a consequence of extraretinal influences, including extraretinal information about the position of the eye in the orbit Matin, Stevens, & Picoult, 1983, chap. 14; Matin et al., 1982) , the direction of gravity relative to the head-and-body (Graybiel, Clark, & MacCorquodale, 1947; Li, Dallal, & Matin, 2001) , and the magnitude of the gravitoinertial force (Chelette, Li, Esken, & Matin, 1995; Cohen, 1973; DiZio, Li, Lackner, & Matin, 1997; Li et al., 2001; Poquin et al., 1998) .
It might seem that a complex inducing structure (e.g., the pitchroom in Fig. 1a ) is necessary to produce large effects on VPEL. However, that is not the case. When the highly structured pitched visual field was replaced with two long eccentrically located luminous lines (Fig. 1b) , the average effect was 88% of the effect with the pitchroom (Li & Matin, 1990; Matin & Li, 1992a , 1992b . When the inducing structure was still further reduced to one long line ( Fig. 1c and d) , the average effect was still 82% of its magnitude with the pitch room (Matin & Li, 1994a , 1994b , 1994c .
To a remarkable extent, the inducing lines can be distributed across large areas of the visual field. Moreover, they do not need to be spatially contiguous. For example, the inducing effect of a line 25°in the observer's left visual field (stimulation of neurons in the right hemisphere) sums algebraically with the effect of a line 25°in the right visual field (stimulation of neurons in the left hemisphere). This summation acts in an opponent process fashion: with appropriate choices of line length and pitch, a topforward stimulus can null the effect of a topbackward stimulus. See Li (1999, 2000) for details.
In general, the magnitude of the illusion increases with the amount of stimulus. However, there is a diminishing return: The response magnitude (slope of the VPEL vs. pitch function) approaches a saturation limit as the amount of stimulus increases. See Fig. 1f . This saturation will play an important role in the VPEL experiments described in the present report and in the theoretical treatment in the discussion.
The present experiments
In the present report we take the stimulus reduction approach deeper and study the connection between VPEL and one of the properties of a line, its continuity. We describe two experiments in which luminous lines on an otherwise dark field (like those in the research described in the previous paragraph) were still further reduced into linear arrays of equispaced luminous points. We measured VPEL for arrays that varied in number of points and/or interpoint separation and compared the inducing effects of the arrays with the effects of luminous lines. 
Experiment 1
In Experiment 1 we studied the effect of the amount of stimulus on VPEL by systematically varying the number of points (P) in two bilaterally symmetric linear arrays of points on an otherwise completely dark field. The length of the arrays was always 64°(visual angle) and the pitch was varied experimentally to produce VPEL versus inducer pitch functions for the various values of P. We also compared the inducing effect of the arrays with the effect of two 64°luminous lines.
Method

Observers
Two of the five observers were the authors; the other three were Columbia undergraduates who did not know the purposes of the experiment. They were paid an hourly wage for participating and gave written consent to the procedures, which were approved by the Institutional Review Board of Columbia University.
2.1.2. Visual displays 2.1.2.1. Inducing stimulus. The pitched inducing stimulus consisted of two identical 64°long linear arrays of equispaced luminous points centered vertically at the observer's true eye level and laterally at horizontal eccentricities of 25°(see Fig. 2 for details). The arrays were attached to black wooden supports, which were in turn attached to a modified freestanding 154 cm Â 104 cm blackboard whose pitch around a horizontal axis in a frontoparallel plane was controlled by the experimenter. The normal from the inducing stimulus to the viewing eye was fixed at 1 meter by adjusting the distance between the blackboard and the observer for the various values of pitch, which ranged from À30°(topbackward) through 0 (vertical) to +30°(topforward). For all conditions, the rotation axis was at the observer's eye level. Each array contained 25 equally spaced points at intervals of 2.67°. The points were discs with a diameter of 18 min. They were cut from phosphorescent tape and were exposed to normal room illumination for 2 min prior to each experimental run to produce a luminance of approximately .03 cd/m 2 . Some of the discs were masked to create the various values of P (the number of points). In some experimental conditions we replaced the arrays of points with two continuous phosphorescent strips (64°long, 0.1°wide).
Test target.
We measured VPEL by asking the observers to report on the height of a small round target relative to eye level (too high, too low). The target was the image of the optically attenuated output of a 0.5 w He-Ne laser that the experimenter was able to move vertically in a median plane 1 meter from the observer's true eye level. We created the image by cutting a 1.0 cm wide vertical slot in the center of the opaque blackboard that supported the inducers. The slot was covered with a sheet of translucent white plastic attached to the blackboard's rear surface and the laser image was projected on the rear surface of the translucent plastic to create the target. The laser was mounted horizontally on the vertical track of a rack and pinion apparatus attached to a mobile relay rack that was positioned immediately behind the blackboard. The experimenter adjusted the target's elevation by moving the laser along the vertical track. The laser's horizontal beam was completely invisible to the observer.
Design
For measurements with the two arrays of points the number of points in each array and the array pitch were varied systematically to create 63 experimental conditions: 9 values of P (1, 2, 3, 4, 5, 7, 9, 13, or 25 points), paired with 7 values of pitch centered around vertical (À30°, À20°, À10°, 0°, +10°, +20°, +30°). The midpoints of the arrays were set at the observer's true eye level. Except for the 1-point condition, the length of each array was 64°. Accordingly, the vertical separation between points changed in correspondence with the number of points (Fig. 2) . The same seven The table on the right shows the interpoint spacing (S) for the various values of P, the number of points in each array. For each value of P the points were spread uniformly over the length of the array. 1 We call attention to other uses of displays with points in lieu of lines and/or to theoretical treatments with dipoles (e.g., Andrews, 1967a Andrews, , 1967b Bouma & Andriessen, 1968 , 1970 Caelli & Julesz, 1979; Cohen, Singh, & Maloney, 2008; Dakin, 1997; Glass, 1969; Glass & Peréz, 1973; Glass & Switkes, 1976; Jenkins, 1983; Ludvigh, 1953; Matin, 1974; Matin, 1972, chap. 13; Weymouth, 1958 Weymouth, , 1959 . In these studies, the data are psychophysical measures of the observers' responses about the reduced stimulus (e.g., its orientation or its texture). In the present experiments, the observer makes no report about the inducer's properties. Instead, the observer reports about the inducer's effect on VPEL, a norm in egocentric space perception.
values of pitch were used for the measurements with the 2-line inducer.
One value of P was used throughout an experimental session, with four VPEL measurements at each of the 7 pitches. The four measurements for a given pitch were completed before proceeding to a different pitch. A quasirandom process that was different for each observer determined the presentation order of the pitches. The order in which the arrays and the 2-line stimulus were used was also different for the five observers and was determined by a different quasirandom process. VPEL was also measured without the inducer four times at the beginning and end of every experimental session.
Procedures
Prior to the beginning of formal measurements, the observers were instructed about the procedures and about the eye-level criterion, which was described as setting of the laser target to appear at the end of a hypothetical horizontal line from the eye to the target (perpendicular to gravity). During these explanations and throughout the experiment, the observers sat on a stool facing the blackboard with head position and viewing distance fixed by a chinrest attached to the stool. They viewed the displays monocularly with the right eye; the left eye was patched. Except for the inducing stimuli and the test target, the visual field was completely dark.
On each trial, we used the following tracking procedure to measure VPEL: Initially, the experimenter set the target far above or far below the region of uncertainty and the observer reported on its position relative to eye level (too high, too low). For the remainder of the run, the experimenter changed the target's position in accordance with the observer's responses. The process continued with changes of decreasing size as long as necessary to zero in on VPEL. The observer then waited with closed eyes until the experimenter signaled the beginning of the next trial. Two of the four VPEL measurements for a given pitch began with the target's initial position far above the region of uncertainty and two began with the target below the uncertain region, in an abba order. The large upper panel in Fig. 3 shows mean VPEL across the five observers and the five lower panels show the individual results (mean of four judgments at each value of pitch for each observer). These individual means were averaged for the group results in the upper panel.
Results and discussion
We quantified the effect of P on VPEL as the slopes of linear fits to the VPEL vs. pitch functions for the data sets that were plotted in Fig. 3 . The plots of these slopes in Fig. 4 show that the magnitude of the induction effect is a negatively accelerated increasing function of P. As in Fig. 3 , the large top panel shows the mean slope across the five observers and the bottom panels show the individual effects. The rightmost values in the plots are the slopes with the two continuous lines. For the grouped data (top panel) the slope grows from .006 for P = 1 to 0.324 for P = 25. The slope for P = 25 (.324) is not significantly different from .334, the slope for the two-line inducer (t = 0.60; p = 0.58).
Experiment 2
Experiment 1 showed that the continuity of a line is not a necessary aspect of the inducing stimulus: the pitch of two simultaneously presented arrays of points also influenced VPEL, with a negatively accelerated increase in induction with the number of equally spaced points in arrays of fixed length (64°). We designate the number of points by P and the array length by L and have
where S equals the interpoint distance and 1/S is the density of the array. Throughout Experiment 1, the length of the array was fixed at 64°. Accordingly, the results do not tell us whether the increased effect as P increased resulted from the increase in the number of points, from the reduction in spacing between points, or from both. In Experiment 2 we examined the effect of interpoint separation explicitly by systematically varying P for two values of S; accordingly, the array length, L, was a linear function of S. In addition we used a single array of points instead of two arrays and we roll-tilted that single array in a frontoparallel plane to produce a retinal orientation equivalent to the orientation of a pitched stimulus.
2 Although the latter two procedural changes are not critical for the separation of P and S, they offer some advantages: First, employing a single multipoint array eliminates any possibility that changes in the inducing effect with changes in P or S were affected by changes in factors such as biconvergence or linear perspective. Second, by employing an array in the frontoparallel plane instead of a pitched array, we eliminated the possibility that the perceived visual pitch of the inducing field (PVP) is a significant aspect of the inducer's effect on VPEL -see Hudson, Li, and Matin (2000) , Matin (1998), Post, Teague, Welch, and Hudson (2003) for evidence about the independence of PVP and VPEL. See Li and Matin (1996) , for explanations of the basic role of retinal orientation and for experimental evidence on equivalent pitch/roll-tilt influences on VPEL when the retinal orientations of the pitched and rolled inducers are the same.
Method
There were two observers: WL, an author who also served in Experiment 1, and LL, who had not previously served in VPEL experiments and was not familiar with the purposes of the research. The apparatus, observer's task, and the psychophysical procedures were essentially identical to those in Experiment 1. However, in Experiment 2 the inducer was either a single array of luminous points or a single luminous line. In both cases, the inducer was located 25°in the right visual field and centered on the observer's true eye level. As explained in the preceding paragraph, we varied the inducer's retinal orientation by roll-tilting it on the erect blackboard, rather than pitching it. As in Experiment 1, the observers viewed the inducer and the test target in an otherwise completely dark field and reported on the height of the target relative to eye level (VPEL).
For measurements with the array of points, the number of points in the array and the array's roll-tilt were varied systematically for each of two values of the interpoint separation (S = 2.7°a nd S = 5.3°). For S = 2.7°, there were 9 values of P (1, 2, 3, 4, 5, 7, 9, 13, and 25). For S = 5. 3°there were 7 values of N (2, 3, 4, 5, 7, 10, and 13). Each value of P > 1 corresponds to a different array length (L) that is a multiple of the smallest interpoint separation. Accordingly, the array lengths with S = 2.7°were 2.7°, 5.3°, 8.0°, 10.7°, 16.0°, 21.3°, 32.0°, and 64.0°. With S = 5.3°, the seven array 2 We define retinal orientation as the orientation of the image on the spherical approximation to the eye measured as a deviation from the orientation of the central vertical retinal meridian along the midfrontal plane's circumference: q = arctan (tan l Â sin h), where q is the retinal orientation, l is the horizontal eccentricity and h is the visual field's pitch (or the equivalent roll-tilt). See Li and Matin (1996) , for the derivation of this equation and for a detailed description of the relevant geometry. lengths were 5.3°, 10.7°, 16.0°, 21.3°, 32.0°, 48.0°, and 64.0°. Each combination S and P was used at each of seven values of roll-tilt: À15°, À10°, À5°, 0°, 5°, 10°, and 15°. The same seven values of roll-tilt were used for the measurements with the continuous line inducer and there were nine values of line length: 2.7°, 5.3°, 8.0°, 10.7°, 16.0°, 21.3°, 32.0°, and 64.0°. One P Â S combination (for the array inducer) or one line length (for the line inducer) was used throughout an experimental session, with four VPEL measurements at each of the seven roll-tilts. The four measurements for a given tilt were completed before proceeding to a different tilt. A quasi-random process that was different for the two observers determined the presentation order of the roll-tilts. A different random process determined the presentation order of the arrays or the line stimulus. VPEL was also measured without the inducer four times at the beginning and end of every experimental session. The magnitude of the induction effect for each of the 25 conditions in Fig. 5 was calculated as the slope of a linear fit to the VPEL vs. Roll-Tilt function. These slopes are shown in Fig. 6 as a plot of slope vs. array length, with separate lines for the three inducer conditions (line, array with S = 2.7°, array with S = 5.3°). For this figure, the various values of P for the array inducers were converted to array length (L) to permit a single plot for all experimental conditions [L = (P À 1)S]. As was the case for the results of Experiment 1, the plot for these results shows that the magnitude of the induction effect is a monotonically increasing negatively accelerated function of the amount of stimulus: the induction effect ''saturates".
Results and discussion
General discussion
The results of the present experiments with inducers consisting of points extend the findings of our previous experiments with l-line and 2-line inducers of various lengths. As was the case for the prior research with lines, the effects of arrays of points on VPEL are linear functions of pitch over a range up to approximately ±30°, depending on the experimental conditions and the observer. For a given pitch (or equivalent roll-tilt), the effect is a negatively accelerated increasing function of the amount of stimulus (i.e., the length of the array and the number of points and/or the interpoint separation for array inducers). We suggest that this result is a manifestation of the integrated activity of oriented neural filters of various sizes that correspond to orientation and size specific cells in visual cortex. Specifically, we propose that a linear array of points can be represented as the simultaneous presentation of dipoles with a fixed orientation (the pitch of the inducer) and various sizes (dipole length -the distance between the centers of any two points in the array). For example, a 16°array with two points corresponds to one dipole with a specific retinal orientation (the array's pitch) and a specific length (16°); it would exert its primary effect on neurons with receptive fields that correspond to that orientation and stimulus length. When a third point is inserted between the two end points, we have three dipoles with the same retinal orientation -the original 16°dipole and two new shorter dipoles, each half as long (8°). These shorter dipoles primarily (although not exclusively) stimulate neurons with receptive fields that are half as long as those that were maximally stimulated by the original 16°d ipole. When this 16°array has 7 points, there are 21 dipoles (1 with length = 16°; 2 with length 13.3°; 3 with length 10.7°; 4 with length 8°; 5 with length 5.3°; and 6 with length 2.7°). More generally, as the number of dipoles in the array increases, additional neurons with smaller and smaller receptive fields are recruited and their neural activity is added to the activity generated by the larger dipoles up to a saturation limit. For the largest number of points in each array in Experiment 1 (25), the number of dipoles/array = 300 [P(P À 1)/2 = 25 Â 24/2]. The total number of dipoles when the two arrays are each populated with 25 points is 600 (300 dipoles/array Â 2). Finally, we assume that the total number of responding neurons determines the visual effects on VPEL. The visual effects are combined with the body-referenced effects in the dorsal visual stream to yield VPEL (see Eq. (1)).
In the following section we develop this multiscale dipole model quantitatively and nest it within Stage 1 of our previously published model ). In the model's Stage 1, the inducing stimuli affect neurons in visual cortex that are tuned for retinal orientation and stimulus length. With respect to their effects on VPEL, these neurons fall into four classes (channels A-D in Fig. 7) . The Channel A neurons respond to topforward pitched stimuli (or to counterclockwise roll-tilted lines with the same retinal orientations) presented to the left of the midline and the Channel D neurons respond to topforward pitched (or clockwise rolled) stimuli presented to the right of the midline. All neurons in these two channels exert similar directional effects on VPEL, causing it to increase relative to a noinducer baseline of 0; these effects are coded as positive (+) in Fig. 7 . In an analogous fashion, the Channel B and Channel C neurons respond to topbackward pitched stimuli (or their roll-tilted equivalents). The Channel B neurons respond to stimuli to the left of the midline and the Channel C neurons respond to stimuli presented to the right of the midline. These topbackward tuned neurons all exert similar directional effects on VPEL, causing it to decrease relative to a no-inducer baseline of 0; these effects are coded as negative (À) in Fig. 7 . For experimental evidence regarding the operation of these opponent process channels on VPEL, see Matin and Li (1999) .
The four-channel, three-stage model
The model's Stage 2 combines inputs from channels A-D to obtain the total visual influence on VPEL. For example, the effects of a 3°topforward pitched line in the left visual field (Channel A in the Fig. 7) , and a 3°topbackward pitched stimulus right of the median plane (Channel C), would tend to cancel each other in stage 2 for a net visual effect of 0 on VPEL.
Stage 2 passes its output to the third stage where it combines linearly with the extraretinal inputs involved in the bodyreferenced mechanism. By keeping the head position and direction of gaze fixed throughout experimental measurements of VPEL, the body-referenced effects in our previous modeling (and in the present experiments) could be lumped together and treated as a constant.
The output of the model's Stage 3 yields VPEL. We suggest that this third stage reflects intersensory activity in the dorsal visual stream (see Li, Matin, & Matin, 2013 for evidence regarding VPEL and dorsal stream activity).
In the quantitative development of the model's representation of the effect of amount of stimulus on VPEL, the slope of VPEL vs. pitch (the most commonly used measure of the induction effect) was derived as the solution to a set of loop equations for a neural circuit with n input neurons (dendrites) converging on a single output (axon); see Fig. 6c and d in Matin and Li (2001) . This derivation yielded Eq. (3), which shows the slope (dVPEL/dh) as a function of amount of stimulus
where n is the number of equal-length lines in the inducing stimulus and L is line length. More generally, the divisor of k 2 is the sum of line length for lines of various lengths (the amount of stimulus). Eq. (3) is a rectangular hyperbola, where k 1 is the asymptote of the slope versus amount of stimulus function (in units of slope) and k 2 is the amount of stimulus that produces a slope = k 1 /2 (the semisaturation constant, in units of amount of stimulus). In Eq. (3) (identical to Eq. (9) in , nL is the amount of stimulus expressed as a sum of line lengths for the specific case of n equally long lines. In the further multiscale dipole development in the present report, we propose that the divisor of k 2 should be the amount of effective stimulus in the inducer. Specifically, for the arrays of points in the present experiments, that effective amount of stimulus can be approximated by the number of dipoles, which is a quadratic function of the number of points. 3 Rectangular hyperbolas have been employed in biochemistry to model saturation binding and enzyme velocity (see Motulsky & Christopoulos, 2004 , for examples), and in modeling contrast response functions in neurophysiology and in pattern perception (see Carandini & Heeger, 2012; Graham, 2011 , for recent reviews). However, Eq. (3) was derived from assumptions that are very different from the assumptions employed in those models although it is formally similar.
Multiscale dipole model (MDM)
Basically, MDM can be characterized as follows:
a. Each pair of points in a linear array of points defines the same orientation in space and on the retina and falls on the same retinal great circle in a spherical approximation to the eye. b. Each pair of points together with the space between the two members of the pair is a dipole. c. As a first approximation, we assume that each dipole only stimulates neurons with receptive fields in visual cortex that are oriented in the array's direction and that the dipole only exerts its effect on neurons with receptive fields that are as long as the dipole. Given these simplifying assumptions, the neural activity generated by dipoles of a given length depends on the number of dipoles of that length and the total number of dipoles equals the sum of the dipoles of all lengths. We further assume that each dipole, regardless of length, contributes equally to the neural activity that is affecting VPEL. Given these four assumptions we can approximate the amount of effective stimulus in an array of points in terms of the number of dipoles in the array:
where P is the number of points, and D = the number of dipoles (the number of combinations of P taken two at a time). We introduce the points structure within lines by employing Eqs. (2) and (4), and combining them in Eq. (5), which shows D as a function of the three experimental variables in our two experiments: P, L, and S.
Thus, for example, in Experiment 1, L was held constant at a single value -64°-and P and density, 1/S, which are reciprocally related, were varied conjointly; for the two array conditions in Experiment 2, S was held constant at 2.67°or 5.33°and P and L (which are reciprocally related at each S value) were conjointly varied.
In order to introduce D into MDM we replace nL in the denominator of Eq. (3) by D and obtain Eq. (6). The two panels of Fig. 9 show the fits of Eq. (6) to the results of Experiment 2. For the S = 2.67°array (left panel), k a (the fitted value of the asymptote) is .37. For the S = 5.33°array (right panel), k a = .32.
As would be expected, the asymptote for the S = 2.67°array (.37) is greater than the asymptote for the S = 5.33°array (.31): because there is ''more stimulus" in the denser 2.67°array, there is a greater effect on VPEL. As would also be expected, the asymptotic values for the 2.67°array and the 5.33°array are both less than the experimentally measured slope for the 64°line (.41): as the interpoint separation approaches 0, the effect of the array of points approaches the effect of a line.
The gestalt tradition in the pitchroom
Over more than a century, Wertheimer's use of an illusion to study perceptual processes has had a profound influence on those who are formally ''Gestalt Psychologists" and on many who are not. The present studies of the pitchroom illusion reflect that influence.
are not concentric with the sphere. Instead the nodal point of the eye is approximately 5 mm in front of the eye's center (von Helmholtz, 1866/1962) Nevertheless, we employ a sphere with great circle coordinates as an approximation to the eye in our analysis of egocentric space perception because the major symmetries stand out in ways that are not readily accessible in a more accurately represented eye. For a description of the Great Circle Model see Li (1994a, 1999) .
5 Our attempt at this point is to present the essence of a simple neurophysiological treatment that carries us from the straight line to its point structure. Thus, we have simplified considerably. We note that cells with long receptive fields have not often commanded a great deal of attention in the study of vision, but are likely to play large roles in spatial induction. Some noteworthy examples of large receptive fields may be found in Gilbert (1977) , Grieve and Sillito (1995) , and even larger fields exist in claustrum (a single-layer structure beneath cerebral cortex, Sherk & LeVay, 1981 ) -larger than 40°where many cells appear to be multimodal (vision, somesthesis, and/ or audition) and at least in some cases, are bilateral. Our MDM assumptions simplify the response of orientation-selective neurons in several significant ways -in dealing with the orientation tuning functions (Fig. 7) and the frequency distributions of cells sensitive to spatial frequencies (e.g., Hubel & Wiesel, 2005 , chap. 11; Kandel, Schwartz, Jessell, Siegelbaum, & Hudspeth, 2013). We also ignore various forms of suppression, such as end stopping (e.g., Gilbert, 1977 Gilbert, , 1998 ).
